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SUSCEPTIBILITY OF BUILDING MATERIALS TO DAMAGE




APPENDIX I

SUSCEPTIBILITY OF BUILDING MATERIALS TO DAMAGE

An important consideration in the decontamination of a buillding
is the extent of damage to the building materials caused by the decontam-
ination technique. Other than the physical/abrasive decontamination
methods, damage can result from two forms of treatment, i.e. thermal and
chemical, Thermal damage can result from exposure to the alevated tem~
perstures achieved in thermal decontamination methods. Damage from chem=-
icals can result from exposure to the chemicals used in either the chem=~
. ical or physical decontamination methods. Each type of btuilding material
é will have a different stabllity to thermal and chemical exposure with the

extent of damage dependent on aither the temperature or the nature of the
\ chemical to which the material is exposed, The following section will
, discuss the effects of thermal and chemical exposure on specific bullding
E materials typical of agent production facilities, i.e. concrete, cement,
steel, brick, terra cotta tile, Monel and glass. The major emphasis will
be focused on concrete, cement, and steel, as these are the main building
. constituents.

Cement and Concrete

Thermal Stability

Although concrete is non-combustible, elevated temperatures have
a significant influence on the properties of concrete.(l) The high tem-
perature behavior of structural concrete 1s first observed at a lower
boundary temperature of 100 C whure free water starts to be driven off.
In general, the engineering properties and behavior of concrete up to this
temperature vary by only a few percent from those measured at room tem=
perature. As the temperature is increased above 100 C, chemically bound

water is progressively released from the hardened cement paste. Above

. A

about 150 C, cement dehydration reactions, thermal incompatibilities be-



tween paste and aggregata, and other physiochemical effects lead to
thermal stresses, microcracking and a worsening of most structural prop-
erties (e.g. compressive streagth, flexural strength, etc.).

In the range of 400-6C0 C dehydration of calcium hydroxide to
form calcium oxide ta'es place. Other dehydration reactions, which are
often irreversible, gtart as soon as desorption of evaporable water is
completed and proceed up to a temperature of 800 C. Between 160 and 980 C
calcium carbonate breaks down into calecilum oxide with release of carbon
dioxide, After axposure to sustained temperatures of 650 to 815 C, normal
concrete ig friable, highly porous, and, after cooling, usually can be
taken apart with the fingers.,

Thus, an absolute upper limit for non-destructive exposure at
sustained temperatures can be taken as 650 C. However, within the allow-
able temperature range of 100-650 C, a wide varlation of structural and
thermal properties is expected, .

When a concrete structure is exposed to elevated ta=mperatures,
the maximum allowable exposure temperature will depend largely on the ex=
tent of damage that is permissible. 1If no damage is permissible, then the
allowable temperature range will be quite low., For most concrete struc-
tures, minimal damage 18 expected up to about 150 C. If some damage can
be tolerated then the allowable temperature range will be increased. Be-
tween 200 and 400 C, most concrete remains gubstantially intact. However,
some cracking may be produced and the flexural strength may be gignif-
icantly reduced. Above 400 C, a rapid weakening of structurally important
properties (e.g. compressive gtrength) typically occurs., Exposure to
temperatures abova 600 C results in extensive damage, and should be
avoided. It should be noted that these temperature ranges are only ap-
proximate, and each gpecific type of concrete may exhibit different ex-—
tents of stability. lAlso, the extent of damages by thermal expansion will
depend on the structural configuration and presence of expansion joints.

The following guidelines provide measures to minimize concrete

damage at a given temperature.
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e Cyclic heating should be avoilded.

e The duration of temperature exposure has little effect up to
about 24 hours, Beyond this time, the duration should be
kept to a miniaum.

e Following high temperature exposure, slow cooling should be
allowed. Once the concrete has cooled, gsoaking with water

should follow to allow regain of compressive strength, etc.

Chemical Stability

In general, concrete has excellent resistance to chemical at=
tack, There are a few chemical environments, however, than can cause
concrete daeterioration. In particular, many acid solutionas and sulfate
solutions are capable of deteriorating concrete. Table I~1l indicates the
chemical effects of various materials on unprotected concrete.(2)

The rate of concrete attack in sulfate environments is usually
quite slow. For example, aggressive industrial wastes with a high sulfate
content have been reported to result in a reduction of wall thickness in
concrete sewers of up to 1/4 inch per year.(3) In acid soluticns, the
rate of attack can be greater. For example, a 5% sulfuric acid solution
(pH of 0.2) was veported to cause a 50% loss of weight from progressive
surface deterioration after 12 weeks of immersion.(4) For a short term
exposure, however, even this rate of attack would probably be permigsible.

Thus, for short term exposure to most chemicals, concrete
deterioration should not be a serious problem. However, many factors in-—
fluence the rate of chemical attack, such as concrete type, surface coat-
ings, temperature, concentratlion of aggressive chemical, etc.,, and there—-
fore each specific chemical enviromment that 1is suspected of causing rapid

deterioration should be further characterized.
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Steel

Thermal Stability

Although steel is ncn-combustible, exposure to elevated temper-
atures can adversely effect its physical properties. From a astructural
viewpoint,, the yleld stress of steel 13 the 3significant parameter in
establishing load carrying capacity. A temperature of about 600 C is
normally considered to be the critical temperature.(4) At 600 C, the
yield stress in the steel has decreased to about 60% of the 100 C temper-
ature value which is approximately the level normally used as the design
working stress. At temperatures above 600 C, the yleld stress declines
rapidly. _

Another property of steel that has an effect upon its perform-
ance at elevated temperatures is its coefficient of thermal expansion.
The linear coefficlent of steel which increases with increasing temper-
atures affects a building structure in two ways. If the ends of a struc-
tural member are axially restrained, the attempted expansion due to the
heat causes thermal stresses to be induced in the member. These stregses
combine with those of the normal loadiné causing potential collapse. If
the structure is not axially restrained, the increased stresses do not
occur; instead, movement takes place. This movement causes the ends of
steel columns to be moved laterally, producing an eccentrically loaded
column. In other cases, walls can be moved to the point of collapse by
expansion of beams., Thus, the maximum allowable temperature in steel
membars before thermal expansion becomes excessive depends largely on the
specific structural configuration. .

It should be recognized that the temperature of interest with
respect to thermal expansion and yleld stress values is the temperature
within the steel, and not the ambient or surfacc temperature. Fof short
term exposures, steel surfaces can be exposed to quite high temperatures

without danger of weakening or thermal expansion of the entire member.

However, since steel has a high thermal conductivity, it can rapidly at-




tain high internal temperatures and long term exposures at high tewper-
atures should be avoided.

Chemical Stability

Corrosion of ateel can occur in many chemical environments. In
general, exposure to most acids should be avolded, except for short-term
duration, The common alkalies such as caustic soda (NaOH) and caustic
potash (KOH) are not particularly corrosive to steel, unless elevated
temperatures are employed, Ammonia and ammonia solutions do not present
difficult corrosion problems. Most organic solvents have little effect on
steel.

Other Building Materials

Many materials other than concrete and steel are commonly used
in building construction., Within the scope of the prasent project, the
remaining materials of interest are brick, terta cotta tile, Monel and
glass. These materials have widely varying thermal and chemical stability
characteriatics, and a detailed'consideration of each material is not
pregsently warranted. A few general considerations will be discussed,

however,

Thermal Stability

Brick and terra cotta tile are quite stable at high temper-
atures. Monel has a melting point batween 1300 and 1450 C. Window glass
begins to soften in the 700 to 750 C range, but cracking can occur at much

lower temperatures if thermal gradients are imposed.




Chemical Stability

Bricks and terra cotta tile are resistant to most chemical en~

vironments, except strong acld solutions. Glass and Monel are resistant

to most corrosive cheaicals.

l.

2.

3.

be
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APPENDIX 7!
COST ANALYSIS

An order of magnitude cost analysis was performed on those con-
cepts selected as the best concepts. The concepts are Hot Gases, Infrared
Heating, HMydroblasting, RadKleen, Steaming, Vapor Circulation, Liquid
Reactant, Gaseous Reactant and Volatilization/Aerovsol Decontamination.

Several general assumptiocns were made to provide a basis for

cost analysis including:

One site is analyzed. The site is comprised of three hypothet-
ical structures in proximity to aach other. Datails of the structures are
glven in Section 3.4.2,

Each bullding contains a total of five tons of steel as equip-
ment, piping, metal stairs, etec.

A maximum of one month decontamination time per building is

allowed.

Capital Cost

Capital equipment coste were estimated from Peterson and
Timmerhaus (P4T) (Reference 1) (adjusted to 1982§), Means (Reference 2),
the Dgggmmissionihg Handbook (Reference 3), the Chemical Marketing
Reporter (Reference 4) and in-house edgtimates. It was assumed that

the equipment could be reused at each building.

Operating Costs

Operating costs are:

e Labor at $10/hour,
¢ Administration and Overhead at 4X labor cost,
e Materials/Other.
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The labor cost includes labor for set-up, operation, tear-down, incinera-
tion, hauling to landfill, and refinishing building. Several assumptions

made for the labor cost include:

¢ Equipment removal time is 75 percent of set-up time
¢ Normal clean-up requires 80 hours per building and

includes repainting.

Estimatea on labor time were also found in the previously cited references
(1~3).

Administration and overhead includes purchasing, safety
analysis, verification of decontamination, and normal amounts of utilities
(steam, electricity, water, sanitary sewage). Large utility usage will be
charged:

e Electricity $.06/kwhr.
e Steam $.01/1b.
e Kerosene $2/gal.

Waste disposal costs are assumed part of overhead if no unusual materials
are treated. Each facility will be assumed to have a method of disposing
of its wmanufacturing wastes. If unusual materials or quantities are
generated, solid debris will be disposed of in either a hazardous landfill
or by incineration at $25 per cubic foot. For liquid waste disposal, the
facility will have a sanitary sewage treatment plant or access to & mun-—
icipal plant. If other wastes are generated, a speclal facility for
treatment or evaporation must be built and charged to capital cost or the
wastes can be sent to a disposal company.

Materials costs will be the delivered price of the material. The
material cost will be estimated from Chemical Marketing Reporter or a

speclalty chemical catalog.
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Protective gear (non-agent) is $1,000. If agent protective gear
is required then it 18 assumed the gult. uare non-reusable. At a cost of
$100 per suit and a working time of 2 hours, the cost of the suilts per
manhour 18 $50.

- A summary of the costs and methods used to obtaln equipument

specifications follows.
Hot Gasas

Ag described in Appendix III, the following equipment is

required:

e Direct-Fixed Hester
¢ Turboblowers (2)

e Fan
e Absorber

Ancillary equipment and materials includes:
e Ductwork
¢ Kerosene

¢ Insulation

Direct-Fired Heater

The size of the direct-fired heater which supplies the hot gases

can be determined from the heat duty requirements for the three buildings.

The following are the heat duty requirements for the buildings.
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Total Heat Decontamination Heavy Duty

Building __(BTU), _Time (hr) _(BTU/Hr)
Concrete Block 167.2x106 40 4,2x106
Concrete 167.2x106 40 4.2%106
Tarra Cotta 121,5%10% 40 3.0x106

Thus, a direct fixed heater with a rated output of 10x106 BTU/hr would be
more than sufficient to supply the required heat duty. A quote of $25,000

was obtained from a manufacturer.
Turboblower

In order to size the turboblower, the volumetric flow rate of
combustion gases must be calculated. Assume kerosene 1is used as the fuel
and that it 1is composed of 88 wt percent carbon and 12 wt percent
hydrogen. Then:

11.53 x wt fraction C + 34.34 x wt fraction H =

(1b air)/(1lb fuel) (Stoichiometric)
11,53 x .88 + 34,34 x .12 = 14.27 (1b air)/(1lb fuel
CO; = 3,66 x wt fraction C = 3,22 (1lbs CO2)/(1b fuel

Ho0 = 8,94 x wt fraction H = 1,07 (1bs H20/(1lb fuel)
Flue gas flow rate 1is then:

: 14,27/29 + 3.22/44 + 1,07/18 = 0,625 (1b moles)/(1lb fuel)
= 224 ££3/(1b fuel).
If the direct fired heater is operated at maximum, then with a heat of
_combustion of kerosene of 120,000 BTU/gal, the fuel requirements are=
10x106 BTU/hr x (1 gal)/(120,000 BTU) x 0.13368 ft3/gal x
48.1 1b/£t3 = 536 (1b fuel)/hr
The flue gas flow rate is then:
536 x 224 = 121,000 SCFH ~ 2000 SCFM.
Petergson and Timmerhaus (P&T) give a cost of $8700*% for a 3 PSIG maximum

pressure discharge, 2000 SCFM capacity turboblower.
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Fan

Agsume | equivalent air change in the bullding is desired every
5 minutes. Then for a 60x30x25 = 45,000 ft3 building a 9000 CFM fan is
required. The cost from P&T is $2300.%*

Abgorber

An absorber cost of $10,000 is assumed.

Ductwork

It will be assumed that the direct fired heater and turboblowers
are insi:-lled, one per site, with ductwork carrying the flue gases being
interchanged between buildings. For a 10 MPH output velocity at 2000 CFM:

2000 CPM / [(10 MPH)/(60 minutes) x 5280] = 2.2 ft2
For an area of 2 ft2, the cost (P§T) of insulated iron ductwork is
about $7.00 per linear foot., Assume 100 feet are required.

Fuel Requirements

The fuel requirements are calculated from the building heat duty
requirements as:
(167.2x106 + 167.2x106 + 121.5%x106) / 0.5 (efficiency) /
120,000 BTU/gal = 7600 gal x $2.00/gal = $15,200.

* Adjusted to 1982 dollars.
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Insulation

According to previous caleculations, insulation is required. For
Metalized Polyester Facing insulation at R=13 (4 inches thick), the cost
(Means) 1s $0.49/ft2, The insulation will be assumed to be reusable on
the three buildings.

Operating Time

Operating times were either obtained from P&T, Means or
estimated. During actual decontamination activities it was assumed that
two operators and one supervisor were required. A summary of the costs 18
given in Table II-l1.

Infrared Heating

For simultaneous heating on both internal and external building
surfaces the following heat duties are required:

Decontamination
Building Total Heat (BTU) Time (hr)
Concrete Block , 153.6x106 172
Concrete 152.6x106 1/2
Terra Cotta 109.7x106 1/2

It may not be feasibile to decontaminate the entire building at one time
because of the power requirements. Commercially avallable infrared units

rates at 18 KW are avallable as 1 foot x 5 feet units at a cost of $700

(quote). If 100 units are used then 250 £t2 can be treated at one time
(50 units on both sides of the building).
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TABLE II-1.

HOT GASES CONCEPT COST ANALYSIS*

Total Labor Time = 1206 Hours

Labor Cost at $10/Hr: $ 12,060
: Ovethead at 4 x Labor Cost: 48,240
3 Other Operating Costs: 19, 300
a TOTAL OPERATING COST: 79,600
g TOTAL CAPITAL COST: 55,400
TOTAL COST: $135,000
: CAPITAL COST
; — ~ it~ Ualt  Source  Nawber  Total
4 _Equipment Desceiption Size Cost _  of Cost _ Required  Cost _
“ Direct Fired Heater 10%10% Beu/ne $25,000  Quote 1 $25,000
3 Turboblower 2000 CFM 8,700 P&T 2 17,400
' Fan 9000 CFM 2,30  Psr 1 2,300
i Absorber System 2000 CFM 10,000 Eat: 1 10,000
5 Iron Ductwork (Insulated) Linear ft 700 P4t 100 700
I TOTAL CAPITAL COST: $55,400
: .
) OPERATING COST .
; - - Unit Hours/ Units/ Total
' Operation 8ize Unit  Site Hours  Source
. Building Preparation Bldg 40 k| 120 Estimate
' Heater [nstallation Site 60 1 60  P&T
Blower Installation Site 10 2 140 P&T
' Fan Installation Bldg 10 3 30 Estimate
: Absorber Installation Site 40 1 40 Estimate
R Insulation Installaction Bldg 45 3 135 Means
" Ductwork Installation Bldg 16 3 48 Maans
Concrete Building Decontamination Bldg 40 1 40 Sec. 3.5.6
Concrete Block Decontamination Bldg 40 1 40 Sec. 3.5.6
Terra Cotta Decontamination Bldg 40 1 40 Sec. 31.35.6
Equipment Removal Site 135 1 135 Estimate
Insulation/Ductwork Removal Bldg 46 3 138 Eatimate
i Cleanup Bldg 80 3 240  Eatimate

TOTAL HOURS: 1206

Unit Unit Source Number Total

Other Operating Costs Size Cost of Cost Required Cost
Ingulation Sq Ft $0.49 Means 6300 $ 3,100
Fuel (Kerosene) Callon 2.00 Est. 7600 15,200
Protective Geur -— - -— - 1,000
OTHER OPERATING COSTS: $19,300

% In 1982 dollars.
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The power requirements are!
(153.5%106 + 153,5x106 + 109.7x106 BTU)/ (3415 BTU/KWH) =
122,000 KwH

Operating Times

It was assumed that 0.l hours were required to posi}ion each
heater and 0.1 hours were requ}red for wiring each time a heater was
moved, For a 5 ft2 heater, the total number of times that heaters must
be get-up are

8100 £t2/building x 3 builldings/site / 5 f£t2/heater = 4860,

It was assumed that two operators and one supervisor was re-
quired during actual decontamination. A summary of the coats is given in
Table II-2.

Hydroblasting

A basic hydroblaster unit rate at 11 GPM at 10,000 PSIG was
quoted from a manufacturer as costing $26,500 plus $6700 for accessories
that allows cleaning the inside of tanks, pipes and sumps.

The Decommissioning Handbook (3) cites that a removal depth of
0.74 inches at a rate of 10 ft2/hr is typical. The time required to
decontaminate one building when two shifts are used is

8100 £t2 / 16 hours/day / 10 £t2/hr = 51 days.

Thus, two units are required to keep the decontamination time under one

month per building.

A pump will be required to continuously remove water from the
sumps. At a maximum hydroblasting rate of 11 GPM, a pump capable of 11
GPM and about 20 feet of head is required. The cost from P&T 1is about

$850,
If the water 1s to be recycled, storage tanks are required. At

a rate of 11 GPM x 60 x 16 hrs/day = 10,560 gal/day, a tank holding one
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TABLE 11-2, INFRARED HEATING CONCEPT COST ANALYSISw

[ e e

Total Labor Time = 1962 Hours

Labor Cost at $510/Hr: $ 19,620
Overhead at 4 x Laber Cost: 78,480
Other Operating Costs: 8,400
TOTAL OPERATING COST: 106,500
TOTAL CAPITAL COST: 88,000
TOTAL COST: 5194,500
CAPITAL COST
— Unit  Unit  Source Number Total
Equipment Description  Size Cost  of Coast Required Cont
Infrared Heaters 18 kw $800 Quose 100 $80,000
Wiring - - Estimate - 8,000
TOTAL CAPITAL COST $88,000
OPERATING COST
~ Unit  Hours/ Unita/  Total
_ _ Operation Size _Unit Site  Hours Source
Building
Install IR Heaters Heater 0.1 4860 486 Estimate
Wiring Heater 0.1 4860 486 Estimate
Decon Conerete Bldg 250 fe2 1.5 100 150 Sea. 3.5.6
Decon Ylock Bldg 250 fe? 1.5 100 150 Sec. 3.5.6
Decon Terra Cotta Bldg 250 ft2 1.5 100 150 Sec. 3.5.6
Cleanup Bldg 80 3 240 Estimate
Equipment
Install, Wire, Decon, Bldg 100 3 300
Cleanup
TOTAL HOURS: 1962
~ Unit Unit Source Nuwmber  Total
Other Operating Costs Size  Cost of Cost Required Cost
Electricity kwh $0.06 Estimate 122,000 $7,6400
Protective Gear - == - - 1,000%*
OTHER OPERATING COSTS: $8,400

* In 1982 dollars

A% If either a DPE, level A or level B unit {9 required, the cost could be as

high as 1962 hrs % $50/hr = $98,100.
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days supply would be 11,000 gallons. The cost of a mild steel tank,
11,000 gallon in size is $16,000. 1t is assumed that two tanks are re-
quired, one for recycle water to be fed to the hydroblaster and one for
storage. If the hydroblaster removes 0.75 inches of surface from all the
buildings, then disposal of 0.75/12 x 8100 £t2 x 3 = 1520 ft3 of debris
13 needed.

A summary of the costs is given in Table II-3.

RadKlaen

In this cost estimate, a spray and vacuum type application
method will be costed. An alternative method of application is by spray-
ing., Here, the cost would be comparable to a liquid reactant application.

The cost of a RadKleen unit 1s estimated to be $45,000 which
includes the unit and ancillary equipment such as vacuum/gprayer nozzles
(Stanley Steamer®) adaptab’e to floors, pipes, tanks, walls, etc.

Data has shown that 90 percent decontamination {removal) of
agent from cloth in <l minute, butyl ruvber in <2 minutes and webbing in
<4 minutes. It is assumed that a 5 minute removal time is required for
building materials. For a nozzle that covers an area of 1 £ft2 a building
of 60x30x25 feet will require 8100 ft2 x 5/60 = 675 manhours to clean.

A summary of the costs is given in Table I11-4.

Steaming (External)

Assume 100C steam is available at $0.01/1b. Assume one complete
changeover of the building atmosphere every two hours (one building volume
of steam required every two hours) for a total of 5 days. Then, the steam
required is:

(60x30x25 ££3)/(26.8 ££3/1b) = 1680 1b every 2 hours = 840 lbs/hr.
840 1b/hr x 120 hrs = 100,800 1lbs of steam per building.
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TABLE 11-3, HYDRUBLASTING CONCEPT COST ANALYSISH

Total Labor Time = 2960 Hours

Labor Cost at $10/Hr: $ 29,600
o Overhead at 4 x Labov Coat: 118,400
Other Operating Costs: 39,000
TOTAL OPZRATING COST: $187,000
TOTAL CAPITAL COST: $ 92,750
TOTAL COST: $279,750
CAPLITAL COST !
- ~— Usit  Uait  Source  Number  Total
Equipment Description  Size  Cost  of Cost Required  Cost
Hydroblaster 10,000 pai $26,500 Quote 2 $53,000
Pipe and Tank
Cleaning Accessoties - 6,700 Quote 1 6,700
Sump Pump 11 GPM 850 P&T 1 850
Storage Tank 11,000 Gal 16,100 PeT 2 32,200
TOTAL CAPITAL COST: $92,750
OPERATING COST
~ Unit ~Hours/ Units/ Total
__Operacdion Size ___ Unie Site __Hours  Source
Tanks/Pump Setup Site 80 1 80 Estimace
Equipnent Setup Day 1 90 90 Estimate
Building Hydroblasting 10 £ 1 2430 2490 Ref. 3
Equipment Hydroblasting Bldg 80 3 240 Estimate
Cleanup (Painting only) Bldg 40 3 120 Estimate
TOTAL HOURS: 2960
. Uanit Unit Source Number " Total
Other Operating Costs Size Cost of Cost Required Cost
Debris Landfill £r3 $25 Estimate 1520 $38,000
Protective Gear —-— -— -— —— 1,000%*

OTHER QPERATING COSTS: $39,000

& In 1982 dollars,

#n If eicher a DPE, level A or level B gear i required, the cost could be as
high as $50/hr % 2960 hrs = $148,000.
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RADKLEEN CONCEPT COST ANALYSIS*

Total Labor Time = 2595 Hours

Labor Cost at $10/Hr: § 25,950
Overhead at 4 x Labor Cost: 103,600
Other Operating Costs: 16,350
TOTAL OPERATING COST: 146,100.
TOTAL CAPITAL COST: 45,000
TOTAL COST: $191,100
CAPITAL COST
- - — Unit  Unit ~ Source Numbet  Total
Equipment Description  Size Cost of Cost  Required  Cost
RadKleen Unit == $45,000 Estimate 1 $45,000
(Includes Ancillary
- equipnent)
OPERATING COST
§ — “Unic Hours/ Units/ Total -
Operation __ Size Unit Site Hours Source
Equipment Setup/Teardown Day 1 90 90 Estimate
Building Decoutamination Bldg 675 3 2025 Estinate
Equipment Decontamination Bldg 80 3 240 Estimate
Cleanup Bldg 80 3 240 Estimate
TOTAL HOURS: 2595
Unit  Unit Source Number Total
Other Operating Costs Size Cost of Cost Required  Cost
Freon 113 Gal $12 Ref. 4 1000 $12,000
Incineration of Waste—-
Freon £e3 25 Estimate 13 3,350
Protective Gear - -— —-— - 1,000%%
OTHER OPEBATING COSTS: $16, 350

* In 1982 dollare.

% If agent protective gear is required, the cost could be as high as

2595 hrs x 50 = $129,750.
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The steam will condense and the water 1ls collected in a 2000
gallon sump. A pump is required to remove the water at a rate of (840

lbs/hr)/ (60 1b/ft3) = 14 ft3/hr = 2 GPM.

The water 18 collected in a tank which can hold about one day's
supply or 840 lb/hr x 24 hrs / 60 1b/ft3 = 336 ft3 = 2500 gal. A 3000
gallen tank is required, The cost from P&T for a 3000 gallon mild steel
tank 1s $8700. '

During decontamination it is assumed that one operator and one
supervigsor are required.

A summary of the costs 1is given Table II-5.

Vapor Circulation

In order to cost the Vapor Circulation Concept several assump-

tions must be made:

e Average porogity of bullding materials is 15%.

e Asgume solvent penetrates into all building materials to
a depth of 1 inch

e Agsume five changes of solvent required and each change

requires 24 hours.

Acetone is the solvent.

Boller for acetone operates at 100 C.

Building is kept at b.p. of acetone (56.2C=133F).

e Mild steel equipment used.
For acetone = M = 58 lb/lbmole
o = 49,3 1b/ft3
AH vaporization = 237 BTU/1b
Pyapor = 52 PSIA at 100C
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TABLE II-5. STEAMING CONCEPT COST ANALYSIS*

Total Labor Time = 1990 Hours

Labor Cost at $10/Hr: $14,900
Overhead ac 4 x Labor Cost: $9,600
Other Operating Costs: 4,020
TOTAL OPERATING COST: 78,520

TOTAL CAPITAL COST: 11,200

TOTAL COST: 89,720,

CAPLITAL COST

— Unit  Unlt Source  Number  Total
Equipment Description  Size Cost  of Cost  Required Cost
Plumbing ) - Eatimate - $ 2,000
Pump 2 G/ 500 Egtimate 1 500
Storage Tank 3000 Cal $8,700 PeT b _8,700

TOTAL CAPITAL COST: $11,200

OPERATING COST

Unit  Hours/  Units/ Tocal

__Operation Size Unic Site _Hours_ Source
Building Preparation Bldg 80 k) 240 Estimste
Plumbing Site 250 1 250 Estimate
Equipwent Setup Bldg 40 3 120 Estimate
Cleanup Bldg 40 3 120 Estimate
Equipment Removal Site 40 1 40 Estimate
Decontamination Bldg 240 k] 720 Estimate

TOTAL HOURS: 1490

~ Unit  Unit Source ~Numoer Total
Other Operating Costs Size  Cost of Cost Required Cost
Protective Gear -- - .= - $1,000%+
Stean 11b $0.01 Sstimate 302,000 3,020

OTHER OPERATING COSTS: $4,020

* In 1982 dollars.
#% It is anticipated that agent protettive gear will not be required.
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Acetone Flow Rate

For 1 building decontaminated at a time:
8100 £t2 x 1/12 ft penetraation x 0.15 porosity = 101 f£t3
= 4979 lbs acetone
If all ‘solvent is exchanged in 24 hours then 4979/24 = 207 1bs/hour =

acetone flow rate.

Acetone Supply

At the beginning of operations, the building atmosphere must be
paermeated with acetone vapor. The quantity of acetone required for the
building atmosphere 18

(14,7%x144x45,000 ££3)/[(460 + 133 bp OR)(1545)) =
104 lbmoles = 6030 1lb acetone

For a supply of acetone equivalent to twe solvent changes plus the vapor
in the room, 2x4979 + 6030 = 16,000 1lbg acetone is required.

If the acetone is recycled in one building and then incinerated,
a total supply of 16,000x3 bldgs / 49.2 / 0.13368 = 7300 gallons is re-~
quired.

Acetone Heater

Aspume the initial acetone temperature is 70F and it 1s raised
to 212F. Then assuming an average speclfic heat of 0.55 BTU/1lb ¥, then:

q = mlcp T + AH vaporization]
= 207 1lb/hr [0.55 (212-70) + 237 BTU/Llb]
- 65,226 BTU/hr
For a 75 percent efficlency, 65300 / 0.75 / 3514 = 25 KW heater is re-
quired. The cost from P4T for an immersion heater is $1000.
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Heating Tank

For a flow rate of 207 1b/hr and a 10 hour supply a 400 gallon
mild steel vessel will be required at a cost of $9000.*

Storage Tank

The tank size required is 16,000 / 49.3 / 0.13368 ~ 2500
gallons. A spherical mild steel, 2500 gallon capacity storage vessel
costs about $15,000 (P&T).

Dacontanination Time

The total time required for one building 1is calculated as °
follows: time to first solvent exchange = (4979 + 6030) / 207 lb/hr = 50
hours. The total time is then 504+24x4 » 146 hours. It is assumed that

two oparators and one supervigor are required during decontamination.
A summary of the costs is given in Table II-6.

Liquid Reactant

This general cost analysils would be applicable to all of the
chemical concepts which use a liquid reactant for decontamination,
Several assumptions must be made prior to evaluation of the

cogt:

o The liquid is sprayed on.
e Ten applications of the spray are required.
e The liquid would cover 100 ft2/gallon for concrete and

terra cotta.

* Note: at 100 PSIG,
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TABLE II~6, VAPOR CIRCULATION CONCEPT COST ANALYS1S*

— =T ~ ety —

Total Labor Time = 2304 Hours

Labor Coat at $10/Hr: $ 23,040
Overhead at 4 x Labor Cost: 92,160

Other Operating Costs!
TOTAL V! CRATING COST:
TOTAL CAPITAL COST:

40,255
155,455

29,000

TOTAL COST: $184,455
CAPITAL COST
. - Unit  Unit  Source Numbar  Total
_Equipment Description ___Size  Cost _oF Cost  Required  Cost
Acetone Vaporizer System
--Immersion Heater 25 kw $ 1,000 P&T 1 $ 1,000
«=Heating Vessel 400 gal at 9,000 P&T 1 9,000.
100 psig
Storage Tank : 2500 gal 15,000 P&T 1 15,000
Pumpa 1 GPM 500 Estimate 2 1,000
Blower 25 CFM 1,000 Estinate 1 1,000
Plumbing - 2,000 Estimate 1 2,000
TOTAL CAPITAL COST: $29,000
OPERATING COST
- Unit  Hours/  Units/ Total
Operation L Size Unit Site Hours Source
Building Preparation Bldg 80 3 240 Estimate
Equipment Setup Site 160 1 160 Estimate
Plumbing Site 230 1 230 P&T
Building Decontamination 1 hour of 3 438 1314 Estimate
decon time
Cleanup Bldg 80 k) 260 . Estimate
Equipment Rewoval Site 120 1 120 Estimate
TOTAL HOURS: 2304
Unit Unit " Source Number Total
Other Operating Costs Size  Cost of(.:;ut Required __ Cost
Acatune 1b $0.11 Ref, 4 48,000 1b $14,880
Incineration of Waste
Acetona £e3 $25 Estimate 975 1b 24,375
Protective Gear - D - - 1,000%*
! OTHER OPERATING COSTS:  $40,255

* In 1982 dollars.
kA Agent protective gear not anticipated to be required.
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® The liquid would cover 25 f£t2/gallon for concrete block.
e 50 percent of the spray adheres to or penetrates the buillding

material with the remainder being recycled.
e The spray operation requires one operator and one supervisor.
e An average cost of liquid reactant of $10,00 per gallon.
9 The liquid reactant will either permeate through or remove

paint,

sumnary of the costs is giveﬁ in Table II-7.

>

Gaseous Reactant

In this concept gas cylinders are opened and the gas directed
into a sealed building. Air is withdrawn from the building and passed
through a scrubber until a high gas concentration is achieved. The
building is then sealed, allowing the gas to permeate through the building
materials for two weeks. Perlodic monitoring (4 hours per day) is per-
formed during this period. A summary of the costs is given in Table II-8.

Volatilization/Aerosol Decontamination

For infrared heating of the external building surfaces the fol-
lowing heat duties are required.

Total Heat (BTU) Decontamination Time (hr)
Concrete block 68,9%106 9.8
Concrete 91.8x106 17.4
Terra Cotta 53.1x106 14.6

Concrete floors 24,4%106 36




II-19

TABLE 11-7. LIQUID REACTANT CONCEPT COST ANALYSIS*

e Py gty =

Total Labor Time = 1454 Hours
Labor Cost at $10/Hr: $14, 540

Overhead at 4 x Labor Crst: 58,160

Other Operating Costs: 11,000

TOTAL OPERATING COST: BJ,]QQ

TOTAL UAPITAL COST: 9!230

. TOTAL COST: $92,930

CAPITAL COST
— . Unit __ Unit  Source Number  Total
Equipment Descripcdon Size Cogk  of Cost  Required  Cost
Pressure Spraver 240 GPH $3,270 Quote 1 $3,270
Accessories - 1,960 Quote 1 1,960
Sump Pufng - 500 Estimata 1 500
Storage: Tank 1000 ga; 3,500 Quote 1 3,500 .

TOTAL CAPITAL COST: 49,230

OPERATING COST

Unit  Hours/  Units/  Total
Operation Size Unit Site Hours _ _ Source
Tank, Pump Setup Site 40 1 40 Estimate
Equipment Setup Day 1 62 62 Estimate
Spray Application 3
to Building L000 £t 16 62 992 Means
Spray Application
to Equipment/Piping Bldg 40 k] 120 Estimate
Cleanup Bldg 80 3 240 Eatimate
TOTAL HOURS: 1454
- Unit Unic source Number Total
Other Operating Costs Size Cost of Cost -Required Cost
Liquid Reactant Gal $10 Estimate 1000 $10,000
Protective Gear -— - - - 1,000%*

. OTHER OPERATING COSTS: $11,000

* In 1982 dollars.

wh If a DPE, level A or B gear is required, then the cost may be as high as
1454 hre x 50 = $72,700. R
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TABLE 1I-8. CASEOUS REACTANT CONCEPT COST ANALYSIS#*

Total Labor Time = 1020 Hours

Labor Cost at $10/Hr: $10, 200
Overhead at 4 x Labor Cost! 40, 800
Other Operating Costs: _2,000
TOTAL OPERATING COST: 53,000

TOTAL CAPLITAL COST: 8,000

TOTAL COST: $61,000

—————

CAPITAL COST

) Unit Unit  Source  Number Tocal |

Equipment Description  Size Cost of Cost  Required Coat
Turboblowar 100 ¢FM $1,500 P&T 1 $1,500
Scrubber System - 5,000 Est. 1 5,000
Gas Regulators - 150 Est, 10 1,500
TOTAL CAPITAL COST: $8,000

OPERATING COST

Unit  tours/ , Unlts/ Total —

__Operation _ Size Unit __Site _Hours Source _

. Building Sealing Bldg 80 3 240 Estimate
Equipment Setup Bldg 80 3 240 Eatimate

Bldg Decottamination Bldg 100 3 300 Estimate

Cleanup Bldg 80 3 _20 Estimate

TOTAL HOURS: 1020

Unit Unit Source Number Total
Other Operating Costs Size  Cost of Cost _Required Cost
Gas - - Estimate - $2,000

* In 1982 dollaxs,




